Background and Purpose-The clinical usefulness of noninvasive measurement of carotid intima media thickness and plaque visualization in the general population is still uncertain. Methods-We evaluated the age-specific incidence rates of cerebrovascular events in a cohort of 1348 subjects randomly taken from the census list of San Daniele Township and followed for a mean period of 12.7 years. The association among common carotid intima media thickness, measured at baseline, arterial risk factors, and incidence of ischemic cerebrovascular events was modeled using Poisson regression. The predictive ability of common carotid intima media thickness over arterial risk factors (summarized in the Framingham Stroke Risk Score) was evaluated by receiver operating characteristic curve analysis. Results-During the follow-up, 115 subjects developed nonfatal ischemic stroke, transient ischemic attack, or vascular death, which were the predefined study end points. After adjustment for age and sex, hypertension, diabetes, common carotid intima media thickness above 1 mm, and carotid plaques were all independent risk factors for development of vascular events. Inclusion of carotid findings (presence of common carotid intima media thickness above 1 mm or carotid plaques) resulted in a predictive power higher than Framingham Stroke Risk Score alone only on for those subjects with a Framingham Stroke Risk Score over 20%. Conclusions-Although common carotid intima media thickness and presence of carotid plaques are known to be risk factors for the development of vascular events and to be independent from the conventional risk factors summarized in the Framingham Stroke Risk Score, their contribution to individual risk prediction is limited. Further studies will be required to address the role of carotid ultrasonography in the primary prevention of high-risk subjects. 
C erebrovascular disease and the issues and disabilities related to it (transient ischemic attack, stroke, and vascular dementia) are increasing over time, particularly in blacks and the elderly, [1] [2] [3] and are expected to reach fourth place in the rank order of disability-adjusted life-years by 2020. 4 Because cardiovascular prevention remains the most effective tool to reduce the disability burden, 5 estimation of the 10-year probability of cerebro-and cardiovascular ischemic events is the cornerstone for the individual tailoring of preventive interventions. In this regard, the Framingham Cardiovascular Risk Score and the Framingham Stroke Risk Score (FSRS) have been found to be useful tools, especially if recalibrated on the basis of risk factors of specific examined population. 6, 7 Ultrasonographic findings of increased carotid artery intima media thickness (C-IMT) and atherosclerotic plaques are subclinical markers of early atherosclerosis and are associated with nonmodifiable and modifiable risk factors 8, 9 with the occurrence of new carotid plaques 10, 11 and with the subsequent risk of new or recurrent stroke and myocardial infarction. [12] [13] [14] However, it is still uncertain whether an abnormal carotid ultrasonography (either increased C-IMT or presence of plaques) can provide additional information over the FSRS in the prediction of cerebrovascular events. Recently, several longitudinal studies have demonstrated that an increased C-IMT can have an independent, synergistic risk prediction power for stroke and myocardial infarction. 15, 16 To provide additional data on the predictive value of carotid ultrasonography above and beyond conventional risk factors, we evaluated the incidence of new cerebrovascular accidents (transient ischemic attacks and stroke) in a cohort of subjects from the general population (the San Daniele Project) first examined with ultrasonography in 1990.
Materials and Methods

Study Cohort
Details of the cohort selection and enrollment have already been reported. 17 Briefly, in 1990, 1348 subjects, 630 men and 718 women aged 18 to 99 years, all living in the town of San Daniele (northeastern Italy), were randomly selected from the census list and examined.
Measurements
Anthropometric and clinical chemistry measurements were performed as previously detailed. 17 Subjects were considered to be hypertensive if they had systolic and diastolic blood pressure Ն160 and 95 mm Hg, respectively, and/or if they were using antihypertensive drugs. Subjects having systolic blood pressure between 140 and 159 mm Hg or diastolic blood pressure between 90 and 94 mm Hg were considered to be borderline hypertensive. Subjects with borderline hypertension were conservatively evaluated in the subgroup of normal subjects in all analyses. Low-density lipoprotein cholesterol was calculated by the Friedewald formula. Subjects were considered to be diabetic if they reported a medical history of diabetes or use of antidiabetic drugs or if they had a fasting plasma glucose level Ն126 mg/dL (7.0 mmol/L). Body mass index was considered as increased if greater than 25 kg/m 2 .
Carotid Ultrasonography
At baseline (1990), the C-IMT was measured offline on the far wall of the common carotid artery in a longitudinal view in a region free of plaque using a computerized system. We measured C-IMT in 3 different points of the common carotid artery and we considered normal or pathological finding if the mean maximum value was Ͻ1, 1, or Ͼ1 mm. The plaques were measured everywhere; the site of carotid plaque was computed according to the distance from the flow divider: above flow divider up 1.5 cm, internal carotid artery; below flow divider down to 1.5 cm, bifurcation; below flow divider down to 3 cm, common carotid artery.
The plaques were considered stenotic if the percentage of lumen obstruction in the projection showing the greatest impairment was Ͼ40%. A Doppler spectrum analysis was performed and the sonograms were recorded at the site of maximal stenosis. The hemodynamic criterion adopted was a value of peak systolic velocity Ͼ120 mm/s. 17 The reproducibility of the ultrasonographic procedures has been previously described. 18, 19 
End Points and Cohort Follow-Up
All subjects enrolled in the study were followed using the regional (Friuli-Venezia Giulia) health database, an information system reporting demographic, hospital discharge, and mortality data for all resident citizens, each of whom is assigned an individual identification code. 21 and data on nonfatal events further checked by direct investigation by one member of the team. In this second survey, all the clinical and laboratory procedures were repeated and a new ultrasonographic examination was carried out by the same trained physician to measure C-IMT and evaluate carotid plaques using a specially designed software (Intelligence in Medical Technologies, Paris, France). The ultrasonographic evaluation was performed as prescribed by the Mannheim Intima-Media Consensus. 22 However, only data from the baseline intima media thickness measurement were used for the present study.
Statistical Analysis
Continuous variables are expressed as either mean values (ϮSD) or median values (with interquartile range); the categorical variables are expressed as proportions. A composite end point formed by nonfatal ischemic stroke, transient ischemic attack, or all-causes vascular death was considered as the study outcome in the follow-up analysis. The outcome incidence (as defined by the occurrence of the composite end point) was computed in subjects with no prior history of cerebro-or cardiovascular events at the time of the first investigation and expressed as the ratio of outcomes per 1000 patient-years of observation (time to event or end of the study). Because the incidence of the chosen end point increases with age, age-adjusted incidence rates were obtained using Poisson regression and weighing the contribution of each subject to the regression in 25-year intervals. 23 Subsequently, to verify if carotid findings could add anything to classical risk factors from the clinical practice point of view, traditional risk factors were collapsed into a widely used score, the FSRS. To avoid any systematic distortion of risk, we recalibrated the original Framingham function taking the ␤ coefficients from the Framingham Study model 24 and mean values from the San Daniele cohort to predict the mean incidence rates. 7 This recalibration procedure performed much better than the recalibrated PROCAM score in the Italian population. 25 Because electrocardiography was not available at baseline, data for atrial fibrillation and left ventricular hypertrophy were not used for all study subjects. The ability to predict the composite end point at 10 years from enrollment was evaluated by comparing the receiver operating characteristic (ROC) area of a model using the FSRS alone or FSRS and carotid findings using logistic estimates to fit the ROC model.
All computations were performed using the Stata 10 statistical package. 26 
Results
At baseline, 1348 people, aged 18 to 99 years, participated in the evaluation: 630 men, mean age 46.4Ϯ16.8 years, and 718 women, mean age 49.4Ϯ18.2 years. The mean follow-up was 12.7 years (SD, 0.34). During the follow-up period, 150 subjects died (81 men and 69 women), 74 of nonvascular causes and 76 of vascular causes, whereas one man and 4 women migrated out of the region. Thus, 1193 subjects, 548 men and 645 women, were still available for reinvestigation in 2001 to 2002; among these survivors, there was a compliance rate of 72.9% and 870 subjects were duly re-examined. The study outcome occurred in 115 subjects (58 men and 57 women), who experienced nonfatal ischemic strokes (nonfatal ischemic strokes or transient ischemic attacks, 39 subjects) and 76 vascular deaths. The Table reports the baseline characteristics of this population according to the occurrence of the study outcome.
At the univariate analysis, of 1249 participants who had a validated ultrasonographic scanning, there was a significant difference in the 12-year, age-adjusted incidence of the composite end point to the carotid findings (Figure 1 ). Among the 955 subjects with normal carotid scan, 24 events (2.51%) occurred versus 19 events (15.45%) and 48 events (28.07%) in those, respectively, presenting a carotid intima media thickness above 1 mm and at least one plaque (PϽ0.001). The multivariate Poisson regression showed, after adjustment for the differences in age-specific incidence rates, presence of hypertension and diabetes, that carotid intima media thickness above 1 mm or carotid plaques were all independent risk factors of occurrence of cerebral ischemia or vascular death, representing the predefined study outcome (Figure 2) .
The predictive value of the recalibrated Framingham Stroke Risk Score (rFSRS) alone was furthermore compared with rFSRS combined with carotid findings. In a first analysis, the age-adjusted incidence rate was evaluated in subjects having a rFSRS below 5% (low-risk subjects), between 5% and 20% (intermediate-risk subjects), and above 20% (highrisk subjects) stratified by carotid findings (Figure 3 ). There was a constant increase of the incidence rate in subjects with carotid intima media thickness above 1 mm and at least one plaque as compared with subjects with no carotid lesion for all rFSRS strata. However, the incidence rates were statistically higher only for the presence of at least one carotid plaque as compared with subjects with normal carotid findings in the intermediate-(rate 22.5 versus 9.1 per 1000 patient-years, respectively, Pϭ0.04) and high-risk (rate 38.1 versus 10.0 per 1000 patient-years, respectively, Pϭ0.02) rFSRS categories. Although comparison of the ROC curves of the prediction model, including the FSRS alone or the FSRS combined with carotid ultrasonography, showed no significant difference in the areas below the models (Pϭ0.26; Figure 4) . Inclusion of the carotid findings resulted in a higher predictive power in a subgroup analysis evaluating the high-risk rFRSR subgroup (ROC area 0.62 versus 0.52, Pϭ0.02).
Discussion
In this article, we evaluated a cohort of 1348 subjects, randomly taken from the general population and followed for more than 10 years, to assess the predictive value of carotid ultrasound assessment over traditional risk factors. Prediction of cerebrovascular accidents in asymptomatic subjects is usually accomplished by using the FSRS, 7,24 but its use is limited because different populations can present different mean levels of cardiovascular risk factors. 27 Although recalibration of the FSRS could partly overcome this problem, tools that could more precisely define the cerebrovascular risk at an individual level would be very valuable. Ultrasound assessment of carotid arteries is a simple and noninvasive method to accurately evaluate early carotid atherosclerosis by measuring intima media thickness or by direct visualization of an atherosclerotic plaque. The C-IMT measurement may be considered a marker of early atherosclerosis, because it can predict both future occurrence of plaque 11, 28 and of coronary and cerebrovascular events. 13, 29 Therefore, we hypothesized that ultrasound assessment of carotid arteries could be useful for cerebrovascular risk stratification in individual subjects above and beyond the conventional risk factors represented by the FSRS.
Our work demonstrates that ultrasound carotid assessment performed in a general population can add some significant information to general risk estimates derived from the rFSRS alone. In particular, both at univariate and multivariate analysis, the presence of carotid abnormalities was associated with an increased risk of cerebrovascular ischemic events. In a multivariate model adjusting for age and all conventional risk factors, the relative risk (as incidence ratio) was 5.6 (95% CI, 3.2 to 10.1) and 10.4 (95% CI, 6.4 to 17.1), respectively, in subjects with a C-IMT Ͼ1 mm or with at least one plaque at baseline versus subjects with normal carotid arteries.
The absolute event rate for stroke and vascular death per 1000 patient-years in our population is 5.9 (95% CI, 4.9 to 7.1); the Atherosclerosis Risk in Communities (ARIC study) reported a stroke rate of 2.4, 30 whereas the Cardiovascular Heath Study (CHS) reported an event rate of 10.2 in an older population. 13 In a population sample with a mean age comparable with our study (the Rotterdam study), Bots et al found that the event rate for stroke was 11.3. 12 The Malmo Diet and Cancer (MDCS) and Carotid Atherosclerosis Pro- gression (CAPS) studies reported a stroke rate of 2.4 and 5.0, respectively. 31, 32 Finally, in a cohort of elderly Japanese men, Kitamura et al observed a stroke event rate of 5.9 during a follow-up of 4.5 years. 33 These 6 population-based longitudinal studies in the United States, Europe, and Japan showed a consistent, positive association between common carotid artery intima media thickness and incidence of stroke 16 with an adjusted hazard ratio for stroke per 1-SD increase of common carotid artery intima media thickness ranging from 1.15 (95% CI, 1.0 to 1.32) to 1.26 (95% CI, 1.16 to 1.42) in the CAPS and CHS studies, respectively. The San Daniele population can be considered at low risk for stroke as demonstrated by the MONICA Stroke Project, which included the Friuli area, which is where San Daniele is located. 34 In the San Daniele cohort, a strong correlation between an increased C-IMT thickness at baseline and the occurrence of plaque was observed. 11 In accordance with the results of GENIC study, 15 we observed a significant correlation among common carotid artery thickening, cardiovascular risk factors (and hence the recalibrated FSRS), and the risk of stroke. However, these studies show that a CCA-IMT Ͼ0.855/1 mm or the presence of carotid plaques significantly increase the ischemic risk, whatever the rFSRS value. In particular, Figure  3 clearly shows that in subjects with an intermediate-or high-risk rFSRS, the presence of a carotid plaque could result in a 2-to 4-fold increased risk of events as compared with normal subjects belonging to the same rFSRS category.
Although both C-IMT above 1 mm and carotid plaques were found to be associated with increased risk of cerebrovascular events, ROC analysis shows that they do not significantly add to the risk profile in the general population but could be useful only in high-risk subgroups. This finding is possibly explained by the very good predictive value of the rFSRS alone (area under the curve 0.86) with a consequent lack of improvement of the c-statistic even by a variable significant in multivariate analysis. 35 Improving the predictability of rFSRS would require the addition of variables that are both strongly associated with events, but also prevalent in the population. 36 This requirement is not fulfilled by carotid ultrasonography in the general population, because an abnormal ultrasound (either increased intima media thickness or plaque) was present in only 41 of 847 (4.8%) of those subjects with a favorable rFSRS (below 5%, or low-risk subjects). These subjects constituted the vast majority of the original cohort (847 of 1348 [62.8%]) and in this low-risk category, carotid ultrasonography could not be considered for prediction of cerebrovascular events.
Conversely, an abnormal carotid ultrasonography could be potentially useful in high-risk subjects such as those with a rFSRS above 20 as demonstrated by ROC analysis in this subgroup. Subjects with a high-risk rFSRS constituted 207 of 1348 (15.3%) of our population, and 3 of 4 of them had an abnormal carotid finding (156 of 207 [75.3%]).
In this category, subjects with a carotid plaque have an event rate of 38.1 per 1000 patient-years versus 10 per 1000 patient-years of those without carotid abnormalities. Thus, the combined use of the rFSRS and carotid ultrasonography would be expected to identify a subgroup of the population with a very high risk of vascular events.
Our decision to measure separately common carotid artery intima media thickness and plaque presence enables us to better address the situation of the subjects with increased common carotid artery intima media thickness or plaques (Mannheim Consensus 2004 to 2006) . Ultimately, however, the usefulness of such an approach would depend on the efficacy of preventive therapies to be adopted in this very high-risk subgroup. Even assuming that very stringent prophylactic treatments could reduce the rate of event by 50% in those with detectable carotid abnormalities and a high rFSRS, hence with an event rate around 20 per 1000 patient-years, the absolute risk reduction would be 2 per 100 patient-years, and the number of subjects needed to test to be able to prevent one event would be approximately 50.
The present study presents both limitations and strengths. One obvious limitation is that in 1992, plaque evaluation was already possible but no continuous common carotid artery intima media thickness measurement was undertaken, thus rendering with less precision the quantitative evaluation of the relation between C-IMT and the risk of ischemic events, a point interestingly made by some authors. 16 Another possible limitation is that we did not include in the FSRS data regarding atrial fibrillation and left ventricular hypertrophy. However, it is biologically implausible that carotid echogra- phy could predict cardiogenic strokes, and therefore we do not believe that this limitation could significantly lower the predictability of carotid echography. On the other hand, this longitudinal observation of the general population has a long follow-up period. The ARIC study examined a large cohort of men and women aged 45 to 64 years for a follow-up of 10.7 years 30 ; the CHS followed for 6.3 years a cohort of subjects older than 65 years without previous stroke or myocardial infarction 13 ; the MDCS studied a 46-to 68-year-old sample for 7 years 31 ; and the CAPS study 32 observed the myocardial infarction and stroke end points in a general population 19 to 90 years of age for 4.2 years.
In conclusion, this study demonstrates that the presence of an increased C-IMT and/or plaques on carotid ultrasonography is associated with the occurrence of cerebrovascular ischemic events, independently from the rFSRS. The study furthermore shows that at present, a carotid ultrasonography screening policy is unwarranted in the general population, but could be considered in subjects with intermediate/high rFSRS to better stratify their actual risk. However, due to the relatively high number of subjects needed to be tested and the efficacy of the currently available prophylactic treatments in subjects identified by carotid ultrasonography, further testing of such a screening policy is required with appropriate intervention trials.
